Glycation mediated lens crystallin aggregation and cross-linking by various sugars and sugar phosphates in vitro.
Glycation of lens crystallins results in protein conformational changes, oxidation, browning and aggregation. Though glucose is the major sugar, other sugars and sugar phosphates generated as intermediates of metabolic pathways are present in the lens, albeit at low concentrations. In this study we incubated bovine lens soluble fraction with various sugars and sugar phosphates (5mM for 10 days). The reactivity was in the order trioses > tetroses > pentoses > hexoses. High molecular weight (HMW) aggregates were also formed at a comparable rate. Increased levels of fluorescence were associated with the HMW aggregates with fast reacting sugars. The phosphorylated derivatives were only slightly more reactive than their respective sugars. Interestingly, fructose-1,6-diphosphate was more reactive and cross-linked more readily than fructose-6-phosphate. Gel electrophoresis under reducing and nonreducing conditions showed formation of disulfide linked protein aggregates with slow reacting sugars such as glucose and non-disulfide covalent linked protein aggregates with fast reacting sugars such as erythrose. In contrast, if 0.1 m DTT was present in erythrose incubations (a fast reacting sugar), the HMW aggregate formation was significantly reduced. In order to show the reactivity among the slow reacting hexoses, we incubated lens proteins with 1 M hexoses for 30 days and the results showed that galactose was more reactive and showed higher cross-linking than fructose and glucose. These results thus indicate that relatively low levels of some sugars and sugar phosphates in the lens could be compensated by enhanced lens protein cross-linking and the combined effect could be rather significant with respect to cataractogenesis.